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(54) Optical transmitter 

(57) A method of controlling the depth of modulation of an optical source 14 in a frequency shift keyed 
intensity modulation optical transmitter, the method including the steps of impressing on a digitally 
modulated drive signal for the source an amplitude modulation at a frequency less than that of the digital 
signal, detecting at 24 the envelope of the transmitted signal, multiplying the detected envelope signal with 
the impressed frequency and deriving therefrom a control signal to control the depth of modulation of the 
source. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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Modulation depth control for FSK/IM 
optical transmitter 

This invention relates to modulation depth control for a 
frequency shift keyed (FSK) intensity modulated (IM) optical 
transmitter, such as may be used in a long haul telecommunications 
transmission system. 

The principle of FSK/IM transmitters is that small 
modulation depth signals imposed on the bias current of an 
injection laser result in optical frequency changes of the laser 
output, with a small but negligible amplitude variation. Putting 
the light through an optical frequency discriminator converts the 
frequency modulated input into intensity modulation at the output. 
By choosing an appropriate optical frequency discriminator, 
relatively small modulation depth drive signals to the laser bias can 
be used to provide substantially 100% intensity modulation at the 
discriminator output. Such an arrangement is disclosed in British 
patent GB 2 107 147B. Compared to direct intensity modulation of 
the laser, where large drive current swings are required, this 
technique yields a much lower chirp transmitter source, which is 
important for high speed or medium and long haul systems. 
Typically use is made of a DFB laser followed by a Mach-Zehnder 
(M-Z) interferometer optical discriminator. 

In a practical system, if the M-Z characteristic or the 



- 2 - 

centre frequency of the laser drifts the extinction ratio of the IM 
output is deteriorated, so a compensatory centre frequency control 
loop is needed. A control scheme which does this has been 
described in British Patent application 91 06045.9. 

The present invention seeks to provide a method and 
means for controlling the modulation depth in a FSK/IM optical 
transmitter to compensate for any changes in the laser output 
frequency vs. injection current characteristic which may be caused 
by temperature changes and/or by laser ageing. It is important 
that the laser bias deviation induced by the modulation signal has 
the correct amplitude, so that the optical frequencies representing 
the binary l V and 'O 1 logic levels correspond to the maximum and 
minimum transmission characteristics of the M-Z interferometer. 
Modulation depth can be preset by adjustment of a dc control 
voltage presented to a variable gain amplifier in the laser drive 
circuitry* 

According to the present invention there is provided an 
optical transmitter having an optical source adapted to produce a 
frequency shift keyed (FSK) optical output in response to the 
application thereto of a drive signal modulated by a digital signal, 
which FSK output is fed through an optical frequency discriminator 
to convert the modulation of the optical output from FSK to 
intensity modulation (IM), the transmitter including a feedback 
control loop adapted to control the depth of modulation of the 
optical source, wherein the feedback control loop includes means 
to impress on the drive signal applied to the optical source an 
amplitude modulation at a frequency less than that of the digital 
signal, the transmitter further including means for extracting from 
the transmitter output the envelope of the output signal, means for 
multiplying the detected envelope with the amplitude modulation 
signal and means for deriving from the output of the multiplying 
means a control signal to control the depth of modulation of the 
optical source. 



- 3 - 

An embodiment of the invention will now be described 
with reference to the accompanying drawing which is a block 
schematic of a modulation depth control arrangement for an 
optical transmitter* 

In the arrangement shown incoming binary encoded 
digital data is applied via a decoupling capacitor 10 to a variable 
gain amplifier 12 the output of which forms the modulated bias 
current for a DFB injection laser 14. The FSK output of the laser 
14 is fed into a Mach-Zehnder interferometer 16, One output of 
the M-Z interferometer is the IM optical signal for transmission, 
the other output feeds a monitor circuit 18 which comprises a 
photodiode 20 and amplifier 22. 

To provide a modulation depth control to compensate for 
any changes in laser output frequency vs. injection current 
response, which might be caused by temperature changes or laser 
ageing, a feedback control loop is employed. This loop must ensure 
that the frequency deviation induced by the digital data modulation 
signal has the correct amplitude, so that the optical frequencies 
representing binary "one" and "zero" logic levels correspond to the 
maximum and minimum transmission of the M-Z interferometer. 
At present modulation depth has been preset by adjusting a d.c. 
control voltage presented to the variable gain amplifier 12 in the 
laser drive chain. The feedback includes an oscillator 26 running at 
a low frequency, say 6Khz, compared to the data frequency, which 
may be in the giga Herz range. The output of the oscillator is 
impressed on the d.c. control voltage of variable gain amplifiers 12 
to cause a low level amplitude modulation of the laser output. The 
feedback loop also includes an envelope detection circuit 24 to 
which the output of the monitor circuit 18 is applied. The output 
of the envelope detector will have the nominal 6 Khz tone imposed 
on it and this signal will be in phase with the oscillator output when 
the modulation depth is too small and out of phase when it is too 
large. The feedback loop therefore includes a multiplier 28, in 



which the output of the envelope detector is multiplied by the 
oscillator output, and an integrator circuit 30 to which the output 
of the multiplier is applied. The output of the integrator circuit 30 
is applied to vary the d.c. control voltage to the variable gain 
amplifier 12. 

It should be noted that the output of the M-Z 
interferometer feeding the monitor circuit does not need to have 
the full data bandwidth; a portion of the low frequency end of the 
data spectrum is sufficient. Although the instantaneous amplitude 
of the control signal will vary as the data content inside the 
envelope detector bandwidth fluctuates, this effect can be 
averaged out by making the time constant of the integrator circuit 
sufficiently large. 
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1. An optical transmitter having an optical source adapted 
to produce a frequency shift keyed (FSK) optical output in response 
to the application thereto of a drive signal modulated by a digital 
signal, which FSK output is fed through an optical frequency 
discriminator to convert the modulation of the optical output from 
FSK to intensity modulation (IM), the transmitter including a 
feedback control loop adapted to control the depth of modulation 
of the optical source, wherein the feedback control loop includes 
means to impress on the drive signal applied to the optical source 
an .amplitude modulation at a frequency less than that of the 
digital signal, the transmitter further including means for 
extracting from the transmitter output the envelope of the output 
signal, means for multiplying the detected envelope with the 
amplitude modulation signal and means for deriving from the 
output of the multiplying means a control signal to control the 
depth of modulation of the optical source. 

2. An optical transmitter according to claim 1, wherein the 
optical source is a DFB injection laser driven by the output of a 
variable gain amplifier the gain of which is modulated by the 
digital signal. 

3. An optical transmitter according to claim 1 or 2 wherein 
the drive signal is generated by a voltage controlled variable gain 
amplifier to which the digital signal is applied, the control signal 
being in the form of a dc signal imposed on a preset dc control of 
the variable gain amplifier. 

4. An optical transmitter according to claim 1, 2 or 3, 
wherein the optical frequency discriminator is a Mach-Zehnder 
interferometer. 



5. An optical transmitter including a feedback control loop 
adapted to control the depth of modulation of the transmitter 
substantially as described with reference to the accompanying 
drawings, 

6. A method of controlling the depth of modulation of an 
optical source in a frequency shift keyed intensity modulation 
optical transmitter, the method including the steps of impressing 
on a digitally modulated drive signal for the source an amplitude 
modulation at a frequency less than that of the digital signal, 
detecting the envelope of the transmitted signal, multiplying the 
detected envelope signal with the impressed frequency and deriving 
therefrom a control signal to control the depth of modulation of 
the source. 

7. A method according to claim 6 wherein the optical 
source is an injection laser and the control signal is applied to 
control the amplitude of the modulation of the drive current 
applied to the laser. 

8. A method of controlling the depth of modulation of an 
optical source in a frequency shift keyed intensity modulation 
optical transmitter substantially as described with reference to the 

accompanying drawings* 
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